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(57) ABSTRACT 
An apparatus for storing and presenting parts to a robot for 
automated tending of various manufacturing processes. The 
method and apparatus allow for an operator, human or other 
tending robot, to open and place parts into a series of Verti 
cally stacked drawers within an enclosure. On the opposing 
side of the enclosure is the production side where a robot 
opens an individual drawer and while the drawer is open, 
Successively picks out parts for use in the manufacturing 
processes as it is programmed to do. The part may or may not 
be placed back into the drawer based on the part manufactur 
ing process. The robot then closes the drawer and Succes 
sively cycles through the drawers, opening them on the pro 
duction side and once the parts have been processed, closing 
them. The operator then Successively opens each drawer, 
removes any processed parts, if placed back into the draweras 
dictated by the part manufacturing process, refills the drawer 
with new parts and then closes it. 
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1. 

PARTS SUPPLY DRAWER SYSTEM FOR 
ROBOTASSISTED MANUFACTURING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of priority under 35 
U.S.C. S 119 of U.S. Provisional Application Ser. No. 61/763, 
034 filed on Feb. 11, 2013 the content of which is relied upon 
and incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

The disclosure relates generally to a system and apparatus 
for facilitating an automated manufacturing process, more 
particularly it relates to a system and apparatus for providing 
a steady and uninterrupted stream of prepositioned articles in 
a manufacture process for robot pickup. 

BACKGROUND 

Human operators have been tending, loading and unload 
ing manufacturing machines for many years. While human 
operators allow for flexibility in the manufacturing process, 
they also introduce errors due to the repetitive nature of auto 
mated mass assembly lines, they add to cost, and require 
frequent downtime. Modern day manufacturing practices dic 
tate continual process improvement including: increased part 
quality, increased throughput, increased reliability, decreased 
part cost, reduced scrap, and continuous operation sometimes 
24/7. One method for meeting these goals is the use robotics. 
Industrial robots are good at repetitive motions and are very 
good at material handling Such as pick and place applications. 
Robots minimize the variables an operator introduces when 
handling parts Such as, improper part placement into the 
manufacturing machine, dropped or damaged parts or even 
the inconsistency in loading or unloading a waiting manufac 
turing machine in a timely manner. Many times the use of 
robotics enables a human operator to control operation of 
multiple manufacturing machines as opposed to being tied to 
tending just one machine. 
One critical aspect for the successful implementation of 

robotic manufacturing and material handling applications is 
that parts must be presented to the manufacturing robot in a 
consistent, reliable and repeatable method. The second aspect 
is that the human operator understands Supports and is able to 
provide a continuous uninterrupted Supply of parts to the 
manufacturing robot during the production process. Accord 
ingly, there is a need in the industry for a method and appa 
ratus for providing an intuitive consistent parts Supply for 
robot assisted manufacturing. 

SUMMARY 

Accordingly a system is provided for minimizing man 
power requirements by automating the material handling pro 
cess of parts Suitable for robot pickup in a robotic manufac 
turing system. Minimization of the amount of time it takes to 
load and unload a parts Supply machine or a plurality of 
machines is accomplished by automating parts handling as a 
Subset of the manufacturing process. Parts are provided in a 
consisted repeatable and pre-designated position Suitable for 
robot pick up for inclusion of the part in the robot assisted 
manufacturing process. The system uses multiple bi-direc 
tional drawers accessible by a human operator or attending 
parts Supply robot on a Supply side of the drawer system and 
accessible by a manufacturing production robot with on the 
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2 
production side of the drawer system. Securing and position 
ing mechanisms are provided for precise positioning of each 
bi-directional drawer when it is in an open position on the 
production side, at a closed center position and in an open 
position on the Supply side of the drawer system. The system 
includes an apparatus and method for repeatable precise posi 
tioning of parts in each drawerfor the pre-programmed manu 
facturing robot to further facilitate the function of the system. 
The system has modularity for quick installation and setup to 
thereby allow for easy integration into a new or existing 
manufacturing process. 

In accordance a preferred embodiment of the present 
invention, the part Supply drawer enclosure includes: a top, 
sides, multiple vertically stacked bi-directional drawers, 
drawer position sensing Switches and drawer lockingpins and 
stops secured to the enclosure side panels for interface with 
the drawer geared handle levers. 

In a preferred embodiment, each drawerfurther includes: a 
drip pan located inside the drawer secured with part fixing 
locators, bi-directional telescoping drawer slides and dual 
handles attached to geared lever arms providing concurrent 
handle motion during drawer locking and unlocking. 

In a preferred embodiment, the part Supply drawer enclo 
sure top further includes an available work surface suitable 
for additional part manufacturing processes, securing points 
for mounting of the robot controller and securing points to 
attach a protective barrier. 

In accordance with the preferred embodiment of the 
present invention, a method for quick installation and com 
missioning of the part Supply drawer system for robotassisted 
manufacturing includes: a common framework for mounting 
the said part supply drawer enclosure and the robot. The 
frame work further includes: integral fork truck pockets for 
lifting and positioning of the system in its entirety, a cable 
passageway and cover channel for securing and protecting 
robot cables routed from the robot controller mounted on top 
of the part supply drawer enclosure to the robot. In an alter 
native preferred embodiment the parts Supply draw system 
can be configured as a stand-alone system that works with a 
robot without a common framework connecting them. 

In accordance with the preferred embodiment of the 
present invention, robot tooling includes a singular or plural 
combination of part gripping methods and components and 
Such as: a frame to hold gripping components with securing 
points to robot arm and a hook shaped apparatus at the oppos 
ing end that provides an interface to the part Supply drawer 
handle. The hook apparatus further provides a method for 
lifting the drawer handles as well as a method for positively 
placing the handle back down in its locked position. 
The invention provides a parts Supply drawer apparatus for 

a robot assisted manufacturing system that includes: a) a 
drawer enclosure; b) with one or more drawers in the drawer 
enclosure, the drawer being movable from an open produc 
tion position to a closed position to an open operation posi 
tion, whereby access to the drawer is available at the produc 
tion position and the operation position; c) locking 
mechanisms for detachably locking the drawer in the closed 
position, the production position and the operation position; 
d) the drawer has a positioning apparatus to precisely place 
the drawer at the production position in a repeatable precise 
and predetermined position; and e) a removable positioning 
matrix in the drawer to thereby precisely position within the 
drawer a plurality of work pieces placed in the matrix for 
extraction from the at least one drawer by a robot during a 
manufacturing process. 

In a further aspect of the invention the locking mechanism 
includes a production lever and an operation lever, wherein 
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the production lever and the operation lever each have first 
ends that are geared together and pivotally mounted at their 
first ends at the center of a first end of the drawer and wherein 
the production lever projects to a production side of the 
drawer and terminates in a second end and the operation lever 
projects to an operation side of the drawer and terminates in a 
second end and when either the second end of the production 
lever or the second end of the operation lever are moved both 
levers move in unison to unlock the drawer for movement 
among the open production position, the closed position and 
the operation position. 

In another aspect of the invention of the parts Supply 
drawer apparatus the production lever and the operation lever 
each have a notch adjacent to the second end of each lever 
such that when the drawer is in the locked closed position the 
notch of the production lever is positioned on a locking knob 
attached to the drawer enclosure on the production side and 
the notch of the operation lever is positioned on a locking 
knob attached to the drawer enclosure on the operation side 
and movement of either the second end of the production 
lever or the second end of the operation side lever lifts both 
levers off of the locking knobs to unlock the drawer for 
moVement. 

In yet another aspect of the invention when the drawer is 
locked at the production position the notch of the operation 
lever rests on the locking knob on the production side of the 
drawer enclosure and when the drawer is locked at the opera 
tion position the notch of the production lever rests on the 
locking knob on the operation side of the drawer enclosure. 

In a further aspect of the invention the parts supply drawer 
apparatus includes a mirror image production lever and a 
mirror image operation lever on an a second end opposite the 
first end of the drawer that function in the same fashion as the 
production lever and the operation lever and a production 
handle connects the second end of the production lever to a 
second end of the mirror image production lever and an 
operation handle connects the second end of the operation 
lever to a second end of the mirror image operation lever, and 
when either the production handle or the operation handle are 
moved the levers move inunison to unlock or lock the drawer. 

In another aspect of the invention the parts Supply drawer 
apparatus includes a first flange adjacent the production side 
of the drawer so that when the drawer is moved to the opera 
tion position the first flange engages a stopping pin on the 
drawer enclosure adjacent the operation side which stops and 
positions the drawer in a predetermined position at the opera 
tion position and a second flange adjacent the operation side 
of the drawer so that when the drawer is moved to the pro 
duction position the second flange engages a stopping pin on 
the drawer enclosure adjacent the production side of the 
drawer enclosure which stops and positions the drawer in a 
predetermined position at the production position. 

In a further aspect of the invention the first ends of the 
production lever and the operation lever are geared together 
by interleaved toothed gears to allow for both levers move up 
and down together in unison, whereby when one of the levers 
moves in a clockwise direction the other lever moves in a 
counterclockwise direction. 

In yet another aspect of the invention sensors are posi 
tioned on the drawer enclosure and on the drawer to allow a 
computer aided production system to determine the position 
of the drawer at the production position, the closed position 
and the operation position. Also a robot controller is included 
for monitoring drawer position with the sensors thus control 
ling the operation of a manufacturing robot accessing the 
drawer during a manufacturing process. In one variation of 
the invention the robot or computer control system to deter 
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4 
mine drawer position uses a sensor positioning system with 
reflectors attached to drawer levers which interact with sen 
sors or transceivers positioned on the interior Super structure 
of the parts Supply drawer system. 

In yet another aspect of the invention the parts Supply 
drawer apparatus includes a structure for Supporting and posi 
tioning the drawer enclosure for use in a manufacturing 
operation the structure including a frame having a base con 
figured to receive forks offorklift truck to engage structure for 
Supporting and positioning the drawer enclosure to thereby 
facilitate movement of the parts Supply drawer apparatus by a 
forklift. The structure can and also include a base on which to 
position a robot to access the drawer enclosure during a 
manufacturing process and the Support structure can be con 
figured in a T shape to minimize use of floor space and allow 
for operator access during a manufacturing process. 

In yet a further aspect of the invention it includes robotic 
arm with a robot tool to engage a handle on the production end 
of the drawer. Additionally the robot tool can include a hook 
to engage the handle on the drawer to unlock it and move it 
between the closed position and the production position and 
grasping mechanism to grasp and pick up parts positioned in 
the drawer. 

Additional features and advantages will be set forth in the 
detailed description which follows, and in part will be readily 
apparent to those skilled in the art from the description or 
recognized by practicing the embodiments as described in the 
written description and claims hereof, as well as the appended 
drawings. 

It is to be understood that both the foregoing general 
description and the following detailed description are merely 
exemplary, and are intended to provide an overview or frame 
work to understand the nature and character of the claims. 
The accompanying drawings are included to provide a 

further understanding, and are incorporated in and constitute 
a part of this specification. The drawings illustrate one or 
more embodiment(s), and together with the description serve 
to explain principles and operation of the various embodi 
mentS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view from the operator supply 
side-sensor end of the part supply drawer system for robot 
assisted manufacturing; 

FIG. 2 is a perspective view from the production side 
sensor end of the part Supply drawer system for robotassisted 
manufacturing; 

FIG. 3A is a side view of the part supply drawer system 
(along plane I-I of FIG. 1 with drawer enclosure side panel 
removed for description purposes) illustrating the a drawer 
while the drawer is in fully locked position prior to unlocking 
and opening a drawer to begin the production process; 

FIG. 3B is a side view of the part supply drawer system 
(along plane I-I of FIG. 1 with drawer enclosure side plane 
removed for descriptive purposes) illustrating the drawer 
after its has been moved to the unlocked position on the 
production side prior to pulling out the drawer to its full open 
position; 

FIG. 3C is a side view of the part supply drawer system 
(along plane I-I of FIG. 1 with drawer enclosure side plane 
removed for descriptive purposes) illustrating a drawer after it 
has been pulled to the full open and locked position on the 
production side of the part Supply drawer enclosure; 

FIG. 3D is a side view of the part supply drawer system 
(along plane I-I of FIG. 1 with drawer enclosure side plane 
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removed for descriptive purposes) illustrating the full open 
and locked drawer position on the operator side of the part 
Supply drawer enclosure; 

FIG. 3E is a side view of the part supply drawer system 
(along plane I-I of FIG. 1 with drawer enclosure side plane 
removed for descriptive purposes) illustrating the full open 
unlocked position of a drawer on the operator side of the part 
Supply drawer enclosure; 

FIG. 4A is a perspective view of the position sensor end of 
a single drawer assembly illustrating the drawer handles, 
geared levers, lever pivots, position sensing, drippan and part 
fixing locators for the part Supply drawer enclosure with 
retaining strap and pivot bolts in an exploded view: 

FIG. 4B is a perspective view of the opposing end from that 
of FIG. 4A of a single drawer assembly illustrating the drawer 
handles, geared levers, lever pivots, drip pan and part fixing 
locators for the part Supply drawer enclosure with retaining 
strap and pivot bolts in an exploded view; 

FIG. 4C is a side view of the position sensing end of a 
single drawer assembly illustrating the drawer geared levers, 
lever pivots and lifting handles for the single drawer assem 
bly: 

FIG. 4D is a perspective exploded view of a single drawer 
weldment illustrating tab and slot drawer construction for a 
single drawer assembly: 

FIG. 4E is a perspective exploded view of a single drawer 
weldment illustrating the drawer underside reinforcing con 
struction for a single drawer assembly; 

FIG. 5A is a perspective exploded view of the part supply 
drawer enclosure of the part Supply drawer system; 

FIG. 5B is a perspective view of the part supply drawer 
enclosure from the operator side-sensor end with sensor end 
panel removed to illustrate the drawer slides, various stop and 
locking pins for the part Supply drawer enclosure; 

FIG. 5C is a perspective view of the part supply drawer 
enclosure from the operator side-non-sensor end a perspec 
tive with the opposite non-sensor panel removed to illustrate 
aspects of the part Supply drawer enclosure; 
FIG.5D is a perspective view of the parts supply drawer 

enclosure from the operator side sensor end with both side 
panels attached to illustrate drawer position sensors in the 
parts Supply drawer enclosure; 

FIG. 6 is a perspective view of the parts fixing apparatus 
partially filled with parts; 

FIG. 7 is a perspective view of a robot tool illustrating robot 
attachment point, framework, gripping modules, gripping 
fingers, tool frame pointer and drawer hook apparatus for the 
part Supply drawer system; 

FIG. 8A is a side view of the part supply drawer system 
(along plane I-I of FIG. 1 with drawer enclosure side panel, 
drawer levers and drawer end panels removed for description 
purposes) illustrating the robot tool hook grasping the handle 
of a drawer while the drawer is in fully locked position prior 
to unlocking and opening a drawer to begin the production 
process; 

FIG. 8B is a side view of the part supply drawer system 
(along plane I-I of FIG. 1 with drawer enclosure side panel, 
drawer levers and drawer end panels removed for description 
purposes) illustrating the robot tool hook grasping the handle 
after it has moved the handle of the drawer to the unlocked 
position on the production side prior to pulling out the drawer 
to its full open position; 

FIG. 8C is a side view of the part supply drawer system 
(along plane I-I of FIG. 1 with drawer enclosure side panel, 
drawer levers and drawer end panels removed for description 
purposes) illustrating a drawer after it has been pulled to the 
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6 
full open and locked position on the production side of the 
part Supply drawer enclosure; and 

FIG.9 is a perspective view of the framework for mounting 
the parts Supply drawer enclosure and the manufacturing 
robot of the parts Supply manufacturing system. 

DETAILED DESCRIPTION 

The present invention is directed toward an automated 
apparatus for storing and presenting parts to a robot for auto 
mated tending of various manufacturing processes. 
Overview of the System and Apparatus: 
As noted above the present system and apparatus provides 

a parts Supply drawer system and assembly that is capable of 
providing a continuous Supply of prepositioned parts used in 
a continuous operation robot manufacturing process. FIG. 1 
is a perspective view of the assembly from the operator side 
73 sensor end 74 of the parts supply manufacturing assembly 
10 which basically consists of a robot 15 including a robot 
tool 50, a framework 20, a part supply drawer enclosure 40 
including three vertically stacked drawers 45A, 45B and 45C, 
a robot controller 35, a robot pneumatic air supply unit 30 or 
Some other power Supply for mechanical motion and an 
enclosure panel 25. FIG. 2 provides a perspective view of 
parts Supply manufacturing assembly 10 from production 
side 71 sensor end 74 with a plurality of parts 101 that are to 
be used in the manufacturing system positioned by part fixing 
apparatus 102 in a precise predetermined position in drawer 
45A. 
As will be discussed below in more detail drawers 45A, 

45B and 45C are bidirectional opening to both operator side 
73 and the production side 71. When opened to the operator 
side parts 101 can be positioned by a human operator or 
tending robot, both of which are not shown, in each drawerfor 
use in the manufacturing process. In a preferred embodiment 
they are positioned by parts Supply part fixing apparatus or 
matrix 102. Once the parts are positioned in the drawers the 
drawer is moved to the closed and locked position. In a 
preferred embodiment production robot 15 then using robot 
tool 50 located at the end of robot arm 17 unlocks the drawer 
pulls it open and can grasp each of the parts 101 with robot 
tool 50. During operation production robot 15 will cycle 
through each of drawer 45A, 45B and 45C and thus be pro 
vided with a continuous flow of parts 101 for a continuous 
manufacturing process by a human operator or tending robot 
positioned, not shown, on the operator side refilling the draw 
ers as they are emptied by production robot 15. Controller 35 
a computer is programmed to control operation of production 
robot 15. 
Operation of Parts Supply Drawer Assembly: 

FIGS. 3A, 3B, 3C, 3D and 3E are a cross-sectional side 
view of parts Supply drawer enclosure 40 along plane I-I of 
FIG. 1 on the non-sensor end 75 with non-sensor end frame 
panel 402 removed to reveal for description the function of 
some of the interior structure of the parts supply drawer 
enclosure 40, and drawers 45A, 45B and 45C. 

Referring to FIG. 3A, drawer assembly 45A includes pro 
duction side geared lever 454A and operator side geared lever 
455A which meet at retaining strap 456A where they are 
geared for simultaneous up and down movement. The gearing 
process will be discussed in detail below. As depicted in FIG. 
3A operator side geared lever 455A at its outer end rests on 
operator side drawer lock pin 410A and production side 
geared lever 454A rests at its outer end on production side 
lockingpin 409A. The tip of the end of production side handle 
451A can be seen on production side geared lever 454A (FIG. 
2 provides a full view of production handle 451A). The tip of 
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the end of operator side handle 460A can be seen attached to 
the end of operator geared lever 455A (FIG. 1 provides a view 
of operator handles 460B of drawer 45B and handle 460C of 
the drawer 45C). Drawer assembly 45A also has production 
side stop flange 431A and operator side stop flange 433A. 
Additionally production side drawer full extension stop pin 
408A is visible as well as operator side drawerfull extension 
stop pin 406A is visible. Stop pins 408A and 406A as well as 
locking pins 410A and 409A are not attached to drawer 
assembly 45A but in the embodiment depicted are attached to 
end frame panel 402 (see FIG. 2) which as noted has been 
removed in FIGS. 3A to 3E for purposes on description. 

Likewise drawer assembly 45B and 45C have all of the 
same features as drawer assembly 45A with the change in 
nomenclature from A to “B” and “C” at the end of each 
number. For example drawer assembly 45B works with full 
extension stop pin 408B and 406B as well as locking pins 
410B and 409B. Drawer assembly 45C works with full exten 
sion stop pin 408C and 406C as well as locking pins 410C and 
4O9C. 
The drawer assembly functions as follows: robot 15 with 

robot tool 50 operatively attached to robot arm 17 grasps 
production side handle 451A as depicted in FIG. 3B. Refer 
ring to FIG. 3B robot 15 then lifts up handle 451A lifting 
production side lever 454A off of a locking pin 409A. Simul 
taneously through gearing connecting production side lever 
454A to operator side lever 455A moves up simultaneously 
and is lifted off of operator side locking pin 410A. Operator 
side locking notch 415 on lever 455A and production side 
locking notch 416 on lever 454A can be seen in FIG. 4B. 
When drawer 45A is in the locked closed position of FIG.3A 
notch 415 rests on locking pin 410A and notch 416 rests on 
locking pin 409A. 

Referring to FIG. 3C robot arm 17 then pulls drawer 
assembly 45A out to its full extent which is the point at which 
production side stop flange 431A makes contact with produc 
tion side drawer full extension stop pin 408A.. Drawer 45A 
slides out on bi-directional telescoping drawer slide 417A 
and bi-directional telescoping drawer slide 418A on the 
opposite end of drawer 45A can be seen in FIGS. 1 and 2. 
Drawers 45B and 45C likewise have bi-directional drawer 
sides on either end form movement of them among the pro 
duction, closed or operation positions. Referring back to FIG. 
3C, robot arm 17 then lowers handle 451A so that both pro 
duction side lever 454A and operator side lever 455A simul 
taneously swings back down until operator side lever 455A 
makes contact with production side lockingpin 409A at when 
notch 415 of lever 455A rests on lockingpin 409A to thereby 
lock drawer assembly 45A in the production position. Robot 
15 can then start picking up the parts placed in drawer assem 
bly 45A, using them in the production process as depicted in 
FIG. 2. Once robot 15 has removed all the parts from the 
drawer to be used in the manufacturing process it closes the 
drawer moving it back to the closed position as depicted in 
FIG. 3A. Robot arm 15 then moves to drawer assembly 45B, 
opens it in the same fashion as described as drawer 45A, locks 
it in position and then removes the parts placed in the drawer 
for the production process, it then closes drawer assembly and 
proceeds to drawer assembly 45C and repeats the same pro 
CCSS, 

While robot 15 is cycling through drawer assemblies 45A, 
45B and 45C as described above either a tender robot or a 
human operator on the opposite side, not shown, would refill 
each drawer assembly that have been emptied by robot 15. 
They would do so by lifting operator side handle 460A and 
move the drawer to the open locked operator position as 
depicted in FIG. 3D. Then the tender robot or the attending 
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8 
human operator would refill the drawer with parts to be used 
in the manufacturing process, lift up handle 460A as depicted 
in FIG.3E and then close the drawer returning it to the closed 
centerlocked position of FIG.3A. The tender robot or human 
would cycle through each drawer as it is emptied by the 
production side robot to thus assure a continuous manufac 
turing process by Supplying a continuous stream of parts in a 
predefined position in each drawer. The parts Supply drawer 
systems can also be used in a product finishing system 
wherein robot 15 picks out parts or workpieces 101 (see FIG. 
2) from the draw performs a finishing or fabrication step on a 
workpiece 101 or passes it on to another machine to perform 
the finishing step and then repositions the work piece in the 
drawer. Once the robot has completed the finishing step on 
each part and returned it to the drawer and closed it, the 
operator opens the drawer of worked on parts and moves them 
to the next stage of the production process. 
Drawer Assembly 

FIG. 4A is a perspective view of drawer assembly 45 from 
the operator side 73-sensor end 74. Drawer assembly 45 is 
representative of drawer assemblies 45A, 45B and 45C. As 
can be seen in FIG. 4A drawer assembly 45 consists of drawer 
structure 452, which includes sensor end drawer plate 4523, 
non-sensor end drawer plate 4521, production side plate 
4522A, operator side plate 4522B, drip tray 461 and part 
fixing locators 462A, 462B, 462C and 462D located in the 
drip tray. Additionally, drawer assembly 45 includes geared 
levers 454B and 455B, pivot bushings 458D and 458C, pivot 
bolts 457C and 457D, retaining strap 456B sensor reflectors 
453A and 453D, eccentric operator side stop pins 459A and 
459B, production side handle slots 421A and 421B, operator 
side handle 460 and production side handle 451. Operator 
side flanges 433A and 433D as well as production side flange 
431B are visible. Eccentric stop pins 459A & B and handle 
slots 421A & B are designed to limit movement of the 
handles. 

FIG. 4B is a perspective view of drawer assembly 45 from 
the operator side 73-non-sensor end 75. As can be seen in 
FIG. 4B drawer assembly 45 includes drawer structure 452, 
which as already noted above includes sensor end drawer 
plate 4523, non-sensor end drawer plate 4521, production 
side plate 4522A, operator side plate 4522B, drip tray 461 and 
part fixing locators 462A, 462B, 462C and 462D located in 
the drip tray. Additionally, from the perspective shown drawer 
assembly 45 includes a mirror image set of levers and related 
parts as that shown in FIG. 4A discussed in the previous 
paragraph above, namely geared levers 455A and 454A, pivot 
bushings 458A and 458B, pivotbolts 457A and 457B, retain 
ing strap 456A. As with FIG. 4A and FIG. 4B illustrates 
geared levers 454A, 454B, 455A and 455B with handles 451 
and 460 in the down and locked position. Additionally, opera 
tor side flanges 433A and 433D as well as production side 
flange 431A are visible. 

FIG. 4C is a view of the sensor end 74 of drawer assembly 
45 with retaining strap 456B removed to show gear levers 
454B and 455B with handles 451 and 460 in the up and 
unlocked position. Given the gearing system of this embodi 
ment, raising either operator side handle 460 or production 
side handle 451 causes both levers 455B and 454B to rise 
together to the unlocked position. FIG. 4C illustrates the 
method and apparatus for congruently unlocking the part 
supply drawer from either side of the enclosure. Geared levers 
454B and 455B each have a unique geared tooth profile 4541 
and 4551 located at the extremities opposing handles 451 and 
460. When operator side handle 460 is raised, the attached 
geared lever 455B pivots about bushing 458D, creating a 
clockwise rotational translation of gear teeth 4551, thus 
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inducing a counter-clockwise rotational translation of gear 
teeth 4541 on geared lever 454B, which in turn pivots about 
bushing 458C thus congruently raising production side 
handle 451. As noted the inverse movement of both levers 
together also happens when raising production side handle 
451 is raised from the locked to unlocked position. Operator 
side-locking notch 415 and production side-locking notch 
416 which engage the lockingpins 409A and 410A to lock the 
drawer in place at the three positions can be seen in FIG.3B. 
All of the levers on each of the drawer assemblies are config 
ured and function in the same fashion as described herein. 

FIG. 4D is a top partially exploded view of a preferred 
embodiment of the drawer structure which shows how in the 
depicted embodiment non-sensor end drawer plate 4521, sen 
sor end drawer panel 4523, production side panel 4522A, and 
operator side panel 4522B are interconnected and supported 
by longitudinal ribs 4525A and 4525B, latitudinal ribs 
4524A, 4524B, 4524C and 4524D, as well as drawer bottom 
4526. As can be seen in the embodiment depicted a tab and 
slot construction is used throughout as illustrated by tab 4527 
fitting into slot 4528. In the preferred embodiment the con 
nected tabs and slots are welded. 

FIG. 4E, an exploded bottom view of the drawer structure 
452, reveals drawer bottom 4526, longitudinal ribs 4525A 
and 4525B that are cross-linked with latitudinal ribs 4524A, 
4524B, 4524C and 4524D through use of slot 4529 and slot 
4530 where the slots fit into each other to form a rigid under 
structure. Drawer structure 452 becomes a unitized rigid 
structure during welding process whereby all tab and slot 
interface points are permanently secured in place by welds. 
The latitudinal and longitudinal ribbing structure of draw 

ers 45A, B and C as depicted in FIGS. 4D and 4E provide a 
strong lightweight precision unitized structure for placement 
of parts fixing apparatus 102 as depicted in FIG. 2. 
Enclosure Structure 

FIG. 5A is an exploded perspective view of part supply 
drawer enclosure 40 from operator side 73 non-sensor end 75 
that includes: end frame panels 401 and 402, lower channel 
brace 403A and 403B, top angle brace 404A and 404B, work 
surface 405 and drawer assemblies 45A, 45B and 45C. 

FIG. 5B is a perspective view of part supply drawer enclo 
sure 40 from operator side 73 sensor end 74 with panel 401 
removed for illustrative purposes. Panel 402 is on the oppo 
site end. As can be seen in FIG. 5B drawer enclosure 40 
includes operator side drawer locking pins 410A, 410B, 
410C, 410D, 410E and 410F, production side drawer locking 
pins 409D, 409E, and 409F operator side drawerfull exten 
sion stop pins 406A, 406B, 406C, 406D, 406E and 406F, 
production side drawer full extension stop blocks 408A, 
408D, 408E and 408 F. 
5C is a perspective view of part supply drawer enclosure 40 

from operator side 73 and non-sensor end 75 with panel 402 
removed for illustrative purposes. Panel 401 is on the oppo 
site end. As can be seen in FIG. 5C drawer enclosure 40 
depicted are operator side drawer locking pins 410A, 410B, 
410C, 410D, 410E and 410F, production side drawer locking 
pins 409A, 409B and 409C, operator side drawer full exten 
sion stop pins 406A, 406B, 406C, 406D, 406E and 406F, 
production side drawer full extension stop blocks 408A, 
408B, 408C and 408D. 
As noted above drawer assemblies 45A, 45B and 45C 

interact with both stop and locking pins to provide accurate 
drawer positioning in the embodiment of the invention 
depicted. As depicted in FIG.3C when drawer 45A is opened 
on the production side 71 to the full open position production 
side stop flange 431A engages production side full extension 
stop pin 408A at which point locking notch 415 engages 
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10 
production side lockingpin 409A when lever 454A is lowered 
from the unlocked to locked position. Likewise as depicted in 
FIG. 3D when drawer 45A is opened on the operator side 73 
to the full open position operator side stop flange 433A 
engages operator side full extension stop pin 406A at which 
locking notch 416 engages locking pin 410A when lever 
455A is lowered from the unlocked position to the locked 
position. 
Drawer Position Determination Apparatus 
The embodiment of the invention depicted has an appara 

tus that informs controller 35 FIGS. 1 & 2 as to the exact 
position of each drawer. Referring to FIG.5D supply drawer 
enclosure 40 includes in panel 401 drawer position sensors 
411A,411B, 411C,411D, 411E and 411F that are operatively 
connected by appropriate wring, not shown to sensor input 
collector 412, which collates drawer position sensor data and 
sends it to the robot for program interaction either by a direct 
electronic connection or through controller 35 that in turn 
sends the information on position of each of the drawers to the 
robot. Position sensors 411A, B, C, D, E and F are positioned 
in side panel 401 and pass through side panel 401 so that when 
the drawers are in the close and locked position they are 
opposite a corresponding position reflectors depicted in FIG. 
5B453A, B, C, D, E, and F. Thus, when panel 401 is attached 
to the side of drawer enclosure 40 and drawers 45A, 45B and 
45C are in the closedlocked position sensors and reflectors of 
each drawer correspond as follows: 411A-453A, 411B-453B, 
411 C-453C, 411D-453D, 411 E-453E and 411 F-453F. 
Thus the position of the individual drawers 45A, 45B and 

45C and whether or not they are in a locked position may be 
determined with great certainty based upon the status of these 
sensors. As noted above complementary to these sensors 
411A and 411D are reflectors 453A and 453D that as noted 
are secured to geared lever arms 454B and 455B as illustrated 
in FIG. 4A. For example in determining the actual position of 
drawer 45A, drawer position sensors 411A and 411D will 
both be activated when the drawer is in the middle of the part 
supply enclosure 40 and handles 451 and 460 are in the down 
and locked position as illustrated in FIG. 3A (with panel 401 
attached). When the drawer has been fully opened and locked 
at the production side only as depicted in FIG. 3C sensor 
411A will be activated since it will now be opposite sensor 
reflector 453D. Also, when the drawer has been fully opened 
and locked at the operator side as depicted in FIG. 3D, only 
sensor 411D will be activated as it will opposite sensor reflec 
tor 453A. Here again the drawer must be in full open position 
and geared lever 455B in the down and locked position before 
sensor 411D will be active. Drawer position sensor operation 
for drawers 45B and 45C function in the same manner as that 
described for drawer 45A. 
Parts Fixing Apparatus 

FIG. 6 is a perspective view of the parts fixing apparatus 
102 with parts 101 positioned in all of the position slots 103 
of the matrix like sheet except for three in the corner of the 
parts fixing apparatus namely slots 103A, 103B and 103C. In 
each corner of parts fixing apparatus are notches 105A, 105B, 
105C and 105D which notches are designed to fit against part 
fixing locators 462A, 462B, 462C, and 462D which can be 
seen in FIGS. 1, 4A and 4B. Parts fixing apparatus 102 is 
configured such that when placed in one of the drawers 45A, 
45B or 45C parts located in it are positioned in a predefined 
position in space So robot 15 can be programmed to pick up 
each of the parts held by parts fixing apparatus 102. This is 
achieved by a combination of locking the drawers in a prede 
termined position in space as described above and the precise 
positioning of the parts within the drawer with part fixing 
apparatus 102. 
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Thus, as can be discerned from the above detailed descrip 
tion parts Supply manufacturing assembly 10 as depicted in 
FIGS. 1 and 2 and the rest of the drawings, whether it has an 
integrated frame 20 or is a stand-alone assembly can be easily 
integrated into a wide variety of manufacturing processes and 
assist in the control and movement of a large number of parts 
required for that process. The combination of the drawer 
position determining apparatus as described in the preceding 
paragraphs and together with the ability to precisely position 
parts in a drawer described in a preferred embodiment in the 
preceding paragraph gives the parts Supply drawer manufac 
turing assembly the unique flexibility to be integrated into a 
wide variety of computer controlled systems, whether that 
computer resides in the manufacturing robot, is a laptop of a 
technician operating the system, or some other type of a 
computer system which is in operative control of the manu 
facturing process. 
Robot Tool 

Referring to FIG. 7, robot tool 50 includes the following 
components: robot adaptor plate 502, tool frame 505, drawer 
hook apparatus 501, grippers 504A and 504B, part gripping 
fingers 507A,507B,507C,507D,507E and 507F, tool frame 
pointer 506, and sensor collator 503. Robot tool 50 is opera 
tively connected to robot arm17 as depicted in FIGS. 1 and 2 
and is used by the robot 15 for part gripping and manipulation 
as well as drawer opening and closing on the production side 
of the invention. As depicted in FIGS. 3A and 8A hook 
apparatus 501 enables engagement of the production side 
drawer handle 451A with the robot arm17. Referring back to 
FIG. 7 hook apparatus 501 on robot tool 50 includes a bottom 
“U-shaped area 509 for engaging the production side handle, 
but also incorporates a top overhung feature 511 used to 
ensure that the handle has been pushed down for proper 
engagement and drawer locking mechanism. 

Robot 15 then will pickup each part 101 as depicted in FIG. 
2 and use the part in a manufacturing process. As can be seen 
in FIG. 7 the first gripper 504A has three movable fingers 
507D, 507E and 507F which slide in and out on groves 513. 
Likewise gripper fingers 507A, 507B and 507C would be 
moved in the same fashion with along groves 513 on gripper 
504A. Additionally, gripper 504A includes a tool frame 
pointer 506 which enables the setup of user frames for each 
drawer. A user frame establishes the X, Y and Z planes for 
each drawer promoting the accurate and repeatable move 
ment of robot 15 when picking and placing part 101 into and 
out of the part fixing apparatus 102. In the preferred embodi 
ment a pneumatic system would be used to move the moving 
parts of root tool 50. Additionally, robot 15 would move robot 
arm 17 in the standard fashion. Robot tool 50 operatively 
connects in a standard fashion to robotarm17 so robot 15 can 
control function of robot tool 50. 
As can be seen in FIG. 7 robot tool 50 has two different 

gripping subassemblies 504A and 504B. As will be appreci 
ated by those skilled in the art based on the above description 
use of parts fixing apparatus 102 in conjunction of the overall 
system described allows for incorporation of a wide variety 
and size of parts in the manufacturing process with only the 
change of the parts fixing apparatus 102 and gripper fingers 
507A, B, C, D, E, and F to accommodate the parts of various 
configurations. 

FIGS. 8A, 8B and SC are a cross-sectional side view of 
parts supply drawer enclosure 40 along plane I-I of FIG. 1 
with non-sensor end frame panel 402 removed as well as the 
levers and drawer end panels removed to illustrate how robot 
15 with robot tool 50 attached to robot arm 17 opens the 
drawer. In FIG. 8A robot 15 with robot tool 50 has engaged 
handle 451 with hook 501. In FIG. 8B robot 15 has started to 
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lift handle 451 which simultaneously causes handle 460 to 
also rise and as depicted disengage operator side notch 415 on 
lever 455D from operator side locking pin 410D. In FIG. 8C 
robot 15 has pulled drawer 45A out to the point where pro 
duction side stop flange 431D engages production side 
drawer full extension stop pin 408D and has lowered handle 
451 so that notch 415 on lever 455D engaged production side 
locking pin 409D. 
Frame Work Assembly 

Referring to FIG.1 a framework assembly 20 is provided to 
support the part supply drawer enclosure 40 and robot 15. 
Referring to FIG. 9 framework assembly 20 in a preferred 
embodiment is made up of metal pieces of appropriate geo 
metric shapes welded together to create a weldment 201. 
Weldmont 201 includes longitudinal runners 2011A and 
2011B which as depicted are hollow rectangular tubes that 
rest at a first end on and are attached fixedly to base plate 
2013. The longitudinal runner's project from the base plate 
parallel to each other being separated and connected at their 
base by cable channel 2023 along their entire bottom in side 
length. A pedestal 2015 is connected to the tops of longitudi 
nal runners 2011A and 20011B and further supported and 
positioned by pedestal support brackets 2016A and 2016B. 
Pedestal 2015 is capped off by top plate 2017. In the preferred 
embodiment depicted all of the pieces are welded together to 
form part of the weldment 201. 
At the opposite end of longitudinal runners 2011A and 

2011B is drawer enclosure support structure 2018 consisting 
of enclosure runners 2019A and 2019B, which as depicted in 
FIG. 8 are hollow rectangular tubes. Enclosure runners 
2019A and 2019B connect by enclosure cross supports 
2021A and 2021B which in the preferred embodiment are 
welded to enclosure runners 2019 A and 2019B. Also, as 
depicted in the preferred embodiment in FIG. 9 enclosure 
runners and cross Supports are sized and configured such that 
cross pieces 2021A and 2021B rest on top of the ends of 
longitudinal channels 2011A and 2011B as depicted in FIG. 
9. The preferred embodiment of enclosure support structure 
2018 depicted includes support pads 2025A, 2025B, 2025C 
and 2025D. Additionally, enclosure support structure 2018 
can either be permanently attached to the end of longitudinal 
runners 2011A and 2011B by welds or alternatively be 
detachably connected by Screws or nuts and bolts or some 
other detachable connecting mechanism. 

Pedestal top plate 2017 has appropriate apertures 2027 for 
detachably connecting a manufacturing robot. Enclosure Sup 
port structure 2018 includes appropriate apertures 2029 on 
enclosure runners 2019A and 2019B to detachably connect 
drawer enclosure 40 with nuts and bolts or other appropriate 
detachable connecting mechanism. In a preferred embodi 
ment wiring for control and sensing would run between the 
drawer enclosure positioned on enclosure Support structure 
2018 and a robot positioned on pedestal top plate 2017 along 
cable channel 2023 that runs between longitudinal runners 
2011A and 2011B. In a preferred embodiment a detachable 
cable channel cover 202 fits over cable channel 2023 to pro 
vide a protective cover for wires running in the channel. 
Framework assembly 20 as described in FIG.9 and shown 

in operation in various other figures including FIGS. 1 and 2 
has a number of advantages with respect to setup and moving 
and operating the system. Referring to FIG. 1 movement of 
just the framework assembly 20 or the entire parts supply 
manufacturing assembly 10 can be accomplished with a fork 
truck of adequate capacity since longitudinal runners 2011A 
and 2011B are sized and positioned to receive the forks of a 
fork lift truck. Additionally, the “T” shaped aspect of this 
framework assembly 20 which can be seen in FIG. 2 facilities 



US 9,351,569 B1 
13 

operator access in and around parts Supply manufacturing 
assembly 10. An abundance of choices are available for 
analogous configurations of the framework which attach to 
part supply drawer enclosure 40. This modularity and inter 
changeability provides the impetus and method for employ 
ing various sized robots as well as enabling a stand-alone part 
Supply drawer enclosure without the robot component. 

Referring to FIGS. 1 and 2 parts supply drawer enclosure 
40 can also function as a standalone structure that can func 
tion with a floor mounted or separately mounted robot, not 
shown. In Such a configuration enclosure 40 would not have 
longitudinal runners 2011A and 2011B attached to it, but 
would sit directly on the floor. This standalone configuration 
would allow the parts supply drawer enclosure 40 to function 
with larger and smaller robots. 

Unless otherwise expressly stated, it is in no way intended 
that any method set forth herein be construed as requiring that 
its steps be performed in a specific order. Accordingly, where 
a method claim does not actually recite an order to be fol 
lowed by its steps or it is not otherwise specifically stated in 
the claims or descriptions that the steps are to be limited to a 
specific order, it is no way intended that any particular order 
be inferred. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made without departing 
from the spirit or scope of the invention. Since modifications 
combinations, Sub-combinations and variations of the dis 
closed embodiments incorporating the spirit and Substance of 
the invention may occur to persons skilled in the art, the 
invention should be construed to include everything within 
the scope of the appended claims and their equivalents. 

What is claimed is: 
1. A parts Supply drawer apparatus for a robot assisted 

manufacturing system comprising: 
a. a drawer enclosure; 
b. at least one drawer in said drawer enclosure, said at least 

one drawer movable from an open production position to 
a closed position to an open operation position, whereby 
access to said drawer is available at said production 
position and said operation position; 

c. locking mechanisms for detachably locking said at least 
one drawer in said closed position, said production posi 
tion and said operation position: 
i. where said locking mechanism comprises a produc 

tion lever and an operation lever, wherein said pro 
duction lever and said operation lever each have first 
ends that are geared together and pivotally mounted at 
their first ends at the center of a first end of said at least 
one drawer and wherein said production lever projects 
to a production side of said at least one drawer and 
terminates in a second end and the said operation lever 
projects to an operation side of said at least one drawer 
and terminates in a second end and when either said 
second end of said production lever or said second end 
of said operation lever are moved both levers move in 
unison to unlock said at least one drawer for move 
ment among said open production position, said 
closed position and said operation position; and 

ii. wherein said first ends of said production lever and 
said operation lever are geared together by interleaved 
toothed gears to allow for both levers move up and 
down together in unison, whereby when one of said 
levers moves in a clockwise direction said other lever 
moves in a counterclockwise direction; 
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14 
d. Said at least one drawer has a positioning apparatus to 

precisely place said at least one drawer at said produc 
tion position in a repeatable precise and predetermined 
position; and 

e. a removable positioning matrix in said at least one 
drawer to thereby precisely position within said at least 
one drawer a plurality of work pieces placed in said 
matrix for extraction from said at least one drawer by a 
robot during a manufacturing process. 

2. The parts Supply drawer apparatus of claim 1 wherein a 
sensor System placed in said drawer enclosure and on said at 
least one drawer allow a computer aided production system to 
determine the position of said at least one drawer at said 
production position, said closed position and said operation 
position. 

3. The parts supply drawer apparatus of claim 1 wherein 
said production lever and said operation lever each have a 
notch adjacent to said second end of each lever wherein when 
said drawer is in said locked closed position said notch of said 
production lever is positioned on a locking knob attached to 
said drawer enclosure on said production side and said notch 
of said operation lever is positioned on a locking knob 
attached to said drawer enclosure on said operation side and 
movement of either said second end of said production lever 
or said second end of said operation side lever lifts both levers 
off of said locking knobs to unlock said at least one drawerfor 
moVement. 

4. The parts Supply drawer apparatus of claim 3 wherein 
when said at least one drawer is locked at said production 
position said notch of said operation lever rests on said lock 
ing knob on said production side of said drawer enclosure and 
when said at least one drawer is locked at said operation 
position said notch of said production lever rests on said 
locking knob on said operation side of said drawer enclosure. 

5. The parts supply drawer apparatus of claim 1 further 
comprising a mirror image production lever and a mirror 
image operation lever on an a second end opposite said first 
end of said at least one drawer that function in the same 
fashion as said production lever and said operation lever and 
wherein a production handle connects said second end of said 
production lever to a second end of said mirror image pro 
duction lever and an operation handle that connects said sec 
ond end of said operation lever to a second end of said mirror 
image operation lever, and wherein when either said produc 
tion handle or said operation handle are moved said levers 
move in unison to unlock or lock said drawer. 

6. The parts supply drawer apparatus of claim 5 wherein 
when said levers are down they are in the locked position and 
when they are up they are in the unlocked position. 

7. The parts supply drawer apparatus of claim 1 wherein 
said at least one drawer is a plurality of drawers. 

8. The parts supply drawer apparatus of claim 1 wherein 
said positioning apparatus at of said least one drawer com 
prises a first flange adjacent said production side of said 
drawer so that when said drawer is moved to said operation 
position said first flange engages a first stop on said drawer 
enclosure adjacent said operation side to thereby stop and 
position said at least one drawer in a predetermined position 
at said operation position and a second flange adjacent said 
operation side of said at least one drawer so that when said 
drawer is moved to said production position said second 
flange engages a second stop on said drawer enclosure adja 
cent said production side of said drawer enclosure to thereby 
stop and position said at least one drawer in a predetermined 
position at said production position. 

9. The parts supply drawer apparatus of claim 6 wherein 
movement of said levers in an upward direction is stopped by 
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a drawer handle engaging a mechanical stopping mechanism 
selected from the group of a stopping knob or an upper por 
tion of a slot through which said handle projects. 

10. The parts supply drawer apparatus of claim 2 wherein 
said sensor system consist of transceivers positioned on an 
inside of said parts Supply drawer apparatus in a predeter 
mined location to thereby interact with reflectors positioned 
on said at least one drawer and determine the position of said 
at least one drawer at said production position, said closed 
position or said operation position. 

11. The parts supply drawer apparatus of claim 10 includ 
ing a computer controller for monitoring a position of said at 
least one drawer with said sensors to thereby control opera 
tion of a manufacturing robot accessing said drawer during a 
manufacturing process. 

12. The parts Supply drawer apparatus of claim 1 including 
a structure for Supporting and positioning said drawer enclo 
Sure for use in a manufacturing operation said frame having a 
base configured to receive forks of forklift truck to engage 
structure for Supporting and positioning said drawer enclo 
Sure to thereby facilitate movement of sand parts Supply 
drawer apparatus by a forklift. 
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13. The parts supply drawer apparatus of claim 12 wherein 

said structure for Supporting and positioning said drawer 
enclosure includes a base on which to position a robot to 
access said drawer enclosure during a manufacturing process 
and said Support structure is has a T shape to minimize use of 
floor space and allow for operator access during a manufac 
turing process. 

14. The parts supply drawer apparatus of claim 1 further 
comprising a robotic arm with a robot tool to engage a handle 
on said production end of said at least one drawer. 

15. The parts supply drawer apparatus of claim 14 wherein 
said robot tool has a hook to engage said handle on said at 
least one drawer to unlock it and move it between said closed 
position and said production position and at least one grasp 
ing mechanism to grasp and pickup parts positioned in said at 
least one drawer. 

16. The parts supply drawer apparatus of claim 1 wherein 
said at least one drawer is fabricated by a tab and slot con 
struction with a longitudinal and latitudinal ribbing construc 
tion. 


